In a previous study it was observed that the so-called methylene-blue adsorption method of Peter and Markert (1955 and 1961) gave values of cation exchange capacity in Finnish soils comparable to those obtained by the ammonium acetate method (Mäkitie and Erviö 1966) . The correlation coefficient 0.942*** was at 99.9 % significance level (27 samples ofmineral soils). 1 The studies have been continued in the present work, where results of both methods are compared in a soil sample material of clay soils, particularly with respect to the effect of the mineral and humus content in soil on the values of the total cation exchange capacity and on the mutual ratios between the exchangeable metallic cations.
Experimental
The soil samples were collected from the Hyvinkää -Nastola area lying on the highest coastal line of the Litorina Sea in South Finland (Hyyppä 1937 ). The clay material, which is of Glacial origin, contains mostly minerals of mica and weathered materials of illitic type of clay (Salminen 1935 , Soveri 1950 , as well as of chlorites (Soveri and Hyyppä 1966 ). These observations have been confirmed in a recent study of topsoil clays of the region ofCentral-Uusimaa, located somewhat south of the area now investigated (Mäkitie and Virri 1965) .
Detailed data of sample material grouped on the basis of decreasing clay content are presented in Table 1 . The clay content of the topsoil (0-20 cm) samples of cultivated soils varies from 21 to 86 per cent. The names of the soil types according to the Finnish Methods. The methylene-blue adsorption method used was principally the same as reported previously (Peter and Markert 1955, Mäkitie and Erviö 1966) . Two subsamples, two and five grams, were weighed and separately treated with 50 ml of aqueous 0.4 % methylene-blue solution (»Methylenblau B»/E. Merck AG).
The ammonium acetate method has also been described in detail previously. A molar ammonium acetate solution (pH adjusted to 7) was used as an extractant for repeated extractions of the cations (Schollenberger and Simon 1945, Mäkitie and Virri 1965) .
The total cation exchange capacity was determined by exchanging the ammonium ions with M potassium chloride solution, and the liberated ammonium ions were analyzed by Kjeldahl-d istillation. Hydrogen peroxide (30 %) was used for oxidizing the organic matter in soil samples where the CEC of pure mineral matter was to be determined.
The absorption was measured with a Beckman Model DU spectrophotometer with 10-mm cells at a wavelength of 510 millimicrons (slit width 0.055 mm).
The particle size distribution analysis was carried out by the sieving and pipette method, where organic matter was eliminated by the hydrogen peroxide treatment and sodium pyrophosphate was used as a dispersing agent.
The pH determinations were carried out by means ofa Radiometer PHM 4c potentiometer with a glass electrode. The determinations of the exchangeable hydrogen and of the organic matter content were carried out by the same methods as previously (Mäkitie and Erviö 1966) .
CEC as determined by the methylene-blue method
The CEC was determined in two ways, i.e. two and five grams of soil were taken for measuring the adsorption of the dye. The concentration of the MB-solution, the dilution and the wavelength for absorptivity measurement were the same for both amounts of soil.
Compared with the AA-method, the values obtained with two grams of soil by the MBmethod gave somewhat better correlation (r = o.B6***) than those with five grams (MB-method) (r = o.B4***). The best correlation (r = o.BB***) exists between the two MB-methods. The differences, however, are not statistically significant. The average ratio between the CEC-values (meq/100 g) obtained by the MB-method with two grams and five grams of soil was 1.7 to 1.0. The increasing adsorption with the wider extracting ratio is due to a more complete exposure of the surface of soil particles, a phenomenon observed before as a natural result of more effective exchange when the concentration of the exchanging cation is increased. The process of exchange is incomplete in the case of the five gram samples while with the two gram samples the CEC-values approach those obtained by the AA-method. The relative values obtained by these three methods are 0.4-0.7-1.0.
By the MB-method the increase in the fineness of the soil and humus content also increases the dye adsorption. Results of experiments with five soils and ten soil-dye ratios are shown in Fig. 1 .
In spite of the parallel shape of the curves, the relative dye-adsorption of different soils varies considerably with the soil-dye ratio. In coarser soils (e.g. curve 5) the effect of the soil-dye ratio is relatively low as indicated by the more linear shape of the curve. With increasing clay and humus contents (e.g. curves 3 and 4) the adsorption becomes more dependent on the soil-dye ratio. The effect of humus is relatively more pronounced than that of clay as indicated by a comparison of curves 2 and 3 to curve 4. It is apparent that when extracting with 50 ml of 0.4 per cent MB-solution no more than 3-4 grams of soil should be used.
The pH-value 6.80 of the buffered MB-solution decreases during the extraction generally to 6.2-6.6 (MB 5 g) and to 6.4-6.7 (MB 2 g).
The effect of the clay fraction
The CEC of normal soil is mostly due to the clay fraction, particularly to the colloidal clay fraction (Whitt and Baver 1937, Hallsworth and Wilkinson 1958) . Silt also increases the CEC to some extent (Render 1965) , although in our soils its effect is relatively insignificant (Heinonen 1960) .
The CEC-values are in a highly significant correlation to the clay content of the soils under study (see below). The best correlation (r = o.79***) obtained by the AA-method is significantly higher (at 95 % signif. level) than the lowest (r = 0.56) obtained by the MB-method. The CEC-values were determined also by the AA-method after a hydrogen peroxide treatment in order to eliminate the effect of organic material (Table 1, p) . A very clear correlation (r = o.9s***) was now obtained between the CEC of the mineral fraction and the clay content of soil. It seems that the whole obtainable capacity is due to the clay in the mineral fraction only (the fraction attributable to regression, 91 per cent). This result confirms the observation of Heinonen (1960) regarding to the insignificance of silt. According to Pratt (1957) about 15 % of the total content of organic material cannot be eliminated by the hydrogen peroxide treatment. This effect must be taken into account in addition to the possible effect of the silt fraction. If we suppose the whole CEC of the mineral fraction to be due to the clay fraction, the mean CEC of the clay fraction in our population is 30.2 meq/100 g clay, and the range of variation 22.7-36.3 meq/100 g.
The effect of the organic matter
Soil organic matter causes a considerable increase in the CEC as shown by several investigators (Hissink 1926 , Mitchell 1932 , Williams 1932 , Yuan et al. 1967 . The effect of organic matter on the CEC, in contrast to that of clay, is more evident if the CEC is determined by the MB-method than by the AA-method. The best correlation (r = o.66***) between the CEC and the humus content was obtained when the CEC was determined by the MB-method using 2 g samples. The MBmethod with 5 g samples gave a somewhat lower correlation (r = o.sB***) and the AAmethod (r = o.s4***) a significantly lower one (t = 2.81**) than the method first mentioned.
The effect of different cations on the CEC On an average 41.7 per cent of the CEC is due to exchangeable calcium which proportion is somewhat higher than the average in finer soils (group A, Table 1 , h) and slightly lower than in coarser soils (group C). However, the variation in the calcium percentage is relatively small and only in seven cases there is a deviation exceeding 10 units of percentage from the mean.
Magnesium in the exchange complex varies to a much greater extent than calcium ( this ratio and the clay percentage is statistically significant (r = o.s6***).
In the population in Fig. 2 eight samples ofan exceptionally high Ca:Mg ratio can be distinguished. These apparently represent soils with heavy liming and without magnesium fertilizing and with a relatively low content of natural magnesium.
The Ca:Mg ratios obtained are in agreement with those of earlier investigations of Finnish soils. For example, the ratio calculated from the data of Aarnio (1942) was 1.68 for heavy clays (18 samples) and 2.91 for sandy clays (24 samples). The corresponding ratios calculated from Heinonen's (1956) data were 2.20 for heavy clays (5 samples) and 3.28 for silty and sandy clays (8 samples). The increasing role of Mg in the exchange complex with a decreasing particle size is apparently due to the relatively high Mg-content of clay minerals in Finnish clays. This is also supported by the results ofKaila and Ryti (1968) .
Potassium and sodium play a minor part in the exchange complex of The extraction ratio used in the dye adsorption method has a clear effect on the level of the CEC-values. More complete adsorption was obtained with wider ratios. With increasing clay and humus contents the adsorption becomes more dependent on the soildye ratio. The effect of humus is more pronounced than that ofclay.
The CEC-values obtained by the ammonium acetate method were in better correlation to the clay content of soils than the values obtained by the dye-adsorption method, while the latter values were better correlated to the organic matter content of the soil.
The percentages of exchangeable potassium, sodium and, especially, of magnesium, decrease when the clay content decreases, while that of calcium increases slightly.
The ratio between exchangeable calcium and magnesium depends on the clay content of the soil ( r = o.s6***) so that the value of the ratio Ca:Mg increases when the clay content decreases (Table 1, q).
